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Short-term acipimox treatment is associated
with decreased cardiac parasympathetic
modulation
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AIMS
The nicotinic acid analogue acipimox is an antilipolytic agent, which acutely inhibits lipolysis and suppresses systemic levels of free
fatty acids (FFA) and improves insulin sensitivity in obese patients. These effects of acipimox are transient due to a counter-
regulatory increase in growth hormone levels that reverse the antilipolytic effect of acipimox. Hypopituitary patients constitute a
viable model to study the growth hormone-independent effects of acipimox and the impact of isolated changes in FFA concen-
trations and insulin sensitivity on parasympathetic nervous activity. The aim of the present study was to investigate if pharma-
cological antilipolysis with acipimox acutely affects autonomic tone.

METHODS
We studied heart rate variability as a measure of autonomic tone in eight hypopituitary men with and without acipimox
treatment. The standard deviation of normal-to-normal intervals, root mean square of successive differences and high frequency
were measured as heart rate variability parameters. The patients were studied in the basal and insulin-stimulated state with
clamped plasma glucose on two occasions in a randomized, double-blind and placebo-controlled crossover study.

RESULTS
Plasma glucose (4.7 vs. 4.9 mmol l–1, P = 0.02) and serum FFA (0.05 vs. 0.41 mmol l–1, P < 0.001) were significantly decreased
during acipimox treatment. Acipimox had an inhibitory effect on standard deviation of normal-to-normal intervals (41.3 vs.
45.3 ms, P = 0.01), root mean square of successive differences (23.2 vs. 11ms, P = 0.03) and high frequency (3.79 vs 3.60 ln (ms2),
P = 0.02) and these effects were reversed during clamping.
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CONCLUSIONS
Short-term inhibition of lipolysis by acipimox treatment lowered circulating FFA levels, improved insulin sensitivity, and was
accompanied by reduced parasympathetic tone. The effect of acipimox on the parasympathetic modulation was reversed by
hyperinsulinaemia.

WHAT IS ALREADY KNOWN ABOUT THIS SUBJECT
• Short-term acipimox treatment improves insulin sensitivity.
• Long-term acipimox treatment induces insulin resistance.
• The tone of the sympathetic and the parasympathetic nervous system can be measured by heart rate variability.

WHAT THIS STUDY ADDS
• Short-term acipimox treatment reduced parasympathetic tone as measured by heart rate variability.
• The reduced tone of the parasympathetic nervous system during acipimox treatment is suggested to be part of the
mechanism by which continuous acipimox treatment results in adverse metabolic effects.

Introduction

Free fatty acids (FFAs) are generated from adipose tissue and
released into the blood stream for use in β-oxidation and
ATP production in target tissues. High serum levels of FFAs
induce insulin resistance in the liver and in skeletal muscle
[1–3] and eventually lead to type 2 diabetes (T2D) [4]. Adipose
tissue metabolism is subject to both hormonal and nervous
control and the parasympathetic nervous system (PNS), in
particular, acutely regulates substrate metabolism and insulin
sensitivity [5].

PNS imbalance correlates closely with impaired insulin
sensitivity and is present in T2D [6]. The balance in the
autonomic nervous system can be measured by analysing
beat-to-beat fluctuations in heart rate (heart rate variability,
HRV). This method, which is noninvasive and extensively
validated [7–10], makes it possible to measure the degree of
autonomic tone [11].

It remains uncertain if the aberrations in PNS activity
observed in patients with insulin resistance are causally
linked to metabolic cues such as fatty acid metabolism or
secondary to other features.

The nicotinic acid analogue acipimox is an antilipolytic
agent that acutely inhibits lipolysis and suppresses systemic
levels of FFAs and improves insulin sensitivity in obese
patients both with and without diabetes [12].

We have previously demonstrated that these effects of
acipimox, which are transient due to a counter-regulatory
increase in growth hormone (GH) levels, remain present in
hypopituitary patients substituted with GH [13]. This may
therefore also constitute a viable model to study the impact
of isolated changes in FFA metabolism and insulin sensitivity
on PNS activity in human subjects in vivo.

The aim of the present study was to investigate if
pharmacological antilipolysis with acipimox acutely affects
autonomic tone. We investigated HRV in hypopituitary
patients on stable replacement therapy with GH and
hydrocortisone with and without acipimox treatment. The

patients were studied in the basal and insulin-stimulated
state on 2 occasions in a randomized, double blind and
placebo controlled crossover study.

Materials and methods
The study was conducted in accordance with the Helsinki
Declaration and all subjects gave their oral and written in-
formed consent to participate. The Ethics Committee of the
central region in Denmark (approval number M-20100157)
approved the study protocol. The patients also participated
in a metabolic study and data on metabolism have been
previously been reported [14]. In the original study, each
subject underwent four randomized interventions on
different study days: (i) ghrelin infusion and placebo
capsules; (ii) saline infusion and placebo capsules; (iii)
ghrelin infusion and acipimox capsules; and (iv) saline infu-
sion and acipimox capsules. The aim of that study was to in-
vestigate the FFA-independent metabolic effects of ghrelin
exposure.

Subjects
Eight hypopituitary men on stable replacement therapy with
GH and hydrocortisone for >3 months participated in the
study. GH deficiency was documented by a GH stimulation
test [peak GH level = 0.57 ± 0.21 (range 0–1.61) μg l–1]. HbA1c
at screening was 37 ± 1 (range 30–41) mmol mol–1

corresponding to 5.5 ± 0.1% (range 4.9–5.9%). None of the
patients had diabetes or any other concomitant chronic
disease. The participants were aged 53 ± 5 years and had a
BMI of 30.3 ± 4.6 kg m–2.

Study protocol
All participants were examined on two occasions separated
by a minimum of 2 weeks. The studies were performed in a
quiet, thermo-neutral indoor environment. The subjects
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fasted 12 hours before the first HRV recording and fasted
during the trials, but were allowed oral water intake.

In a double blind and placebo controlled crossover study
each subject underwent two randomized interventions with
capsules containing acipimox 250 mg and placebo, respec-
tively. The capsules were administered at 2000 and 2300 h
the evening before and at 0600 and 1000 h on the day of
the study. The studies were performed from 0800 to
1300 h (0–300 min) in the postabsorptive state. One i.v.
cannula was inserted into the antecubital region for infu-
sion, and one i.v. cannula was positioned in a dorsal hand
vein for blood sampling. The latter was placed in a heat
pad for sampling of arterialized blood. Heated hand
technique arterializes venous blood and the plasma glucose
in the arterialized blood is a reasonable estimate of the
arterial value [15]. At t = 0 isotonic saline, 50 ml h–1 i.v.,
was commenced. The subjects were studied in the basal
postabsorptive state (referred to as basal) for 120 min
followed by a hyperinsulinaemic/euglycaemic clamp (re-
ferred to as clamp) for 180 min, where they received a
constant infusion of insulin (0.6 mU kg–1min–1; Actrapid,
Novo Nordisk, Gentofte, Denmark). During the insulin
infusion, plasma glucose was clamped at 5.0 mmol l–1 by
adjusting the rate of infusion of 20% glucose according to
plasma glucose measurements every 10 min. Other blood
samples were drawn every 30 min and analysed for insulin
and FFAs. Serum leptin was measured at baseline, at
120 min, and at 300 min.

HRV
HRV was recorded before the study day (referred to as pre),
at 60 and 120 min in the basal period, and in the clamp
at 180, 240 and at 300 min. HRV recordings immediately
before the first blood samples in the morning are referred
to as pre. HRV recordings during the basal period, where
blood samples were obtained and saline was infused are
referred to as basal, and overall recordings during the pre
and basal periods are referred to as pre + basal. Each
recording lasted for 300 s and was obtained by the hand-
held portable apparatus Vagus (Medicus Engineering,
Aarhus, Denmark).

HRV was analysed in both time and frequency do-
mains. In the time domain, the standard deviation of
normal-to-normal intervals (SDNN) and root mean square
of successive differences (RMSSD) were used. The HRV
parameter SDNN is a measure of combined sympathetic
and parasympathetic activity [16] whereas the RMSSD
reflects the power of the variation or the short-term com-
ponents of HRV and is presumed to reflect parasympathetic
activity [7]. Parasympathetic activity is reduced, when
RMSSD is low. To measure the frequency-specific fluctua-
tions of heart rate we used an autoregressive algorithm [7]
with model order 25 to estimate the power spectrum. The
low frequency (LF) 0.04–0.15 Hz and high frequency (HF)
0.15–0.4 components were analysed [7]. The LF component
is influenced by sympathetic, parasympathetic and
baroreflex sensitivity. The HF band from 0.15–0.4 Hz is
influenced by parasympathetic activity [17]. Reduced
values of the LF and HF measurements are related to lower
activity in the respective nervous systems.

Insulin sensitivity
Insulin sensitivity was estimated by the level of glucose
infusion rate (GIR) during the terminal 30 min of the
hyperinsulinaemic, euglycaemic clamp.

Biochemical analyses
Plasma glucose was analysed using the bedside glucose
oxidase method (YSI 2300 STAT Plus; YSI Life Sciences,
Yellow Springs, OH, USA). Serum samples were frozen and
stored at –20°C. Serum FFAs were analysed using a
commercial kit (Wako Chemicals, Neuss, Germany). Serum
leptin was analysed by a commercial enzyme immunoassay
(EIA) kit (catalogue no. A05174, Bertin Pharma, Montigny le
Bretonneux, France). Serum insulin was analysed using time-
resolved fluoroimmunoassay assay (AutoDELFIA Insulin kit,
catalogue no. B080–101; PerkinElmer, Turku, Finland).

Statistical analysis
Complete data sets were obtained for all eight subjects. For
each type of treatment (acipimox or placebo) the measure-
ments during pre + basal and during clamp were pooled to
reduce variability. HRV parameters in the frequency domain
were non-normally distributed and therefore log trans-
formed. All parameters were investigated using qq-plot to
ensure that a parametric test could be used. The two periods
pre + basal and clamp were respectively compared during
acipimox and placebo using paired sample t tests.
Correlations were calculated by using Pearson’s linear
regression coefficient or Spearman’s rank correlation coeffi-
cient. Leptin was analysed by comparing mean values from
acipimox and placebo study days with a paired t test. Data
are presented as mean ± standard error of the mean and as
95% confidence interval (CI) on the major endpoints. A P
value <0.05 was considered statistically significant.

Results

Metabolites, leptin and insulin sensitivity
Data onmetabolites and insulin sensitivity were reported pre-
viously [14]. In summary, plasma glucose levels (mmol l–1)
were significantly decreased in pre + basal during acipimox
treatment as compared with placebo (mean levels): 4.7 ± 0.1
(acipimox) vs. 4.9 ± 0.1 (placebo; CI 0.5;0.05, P = 0.02).
During the terminal 30 min of the clamp, plasma glucose
was clamped at similar levels (in mmol l–1): 5.0 ± 0.0
(acipimox) vs. 5.0 ± 0.1 (placebo), P = 0.90.

Serum FFA levels (mmol l–1) were suppressed during
acipimox treatment in both pre + basal (mean levels):
0.05 ± 0.01 (acipimox) vs. 0.41 ± 0.02 (placebo; CI
0.44;0.30, P < 0.001), and during the clamp: 0.03 ± 0.01
(acipimox) vs. 0.14 ± 0.01 (placebo; CI 0.07;0.04, P < 0.001).

Serum leptin levels (ng ml–1) were similar during
acipimox and placebo treatment: 10.6 ± 2.0 (acipimox) vs.
9.0 ± 1.2 (placebo), P = 0.24.

Acipimox improved insulin sensitivity [mg glucose
uptake per kg bodyweight per min: 4.91 ± 0.71 (acipimox)
vs. 3.88 ± 0.56 (control)], P = 0.005, as assessed by the glucose
infusion rate during the clamp.

Acipimox and cardiac parasympathetic modulation
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Heart rate, pulse pressure and HRV
Measurements of heart rate and pulse pressure are presented
in Table 1 and Figure 1. Heart rate increased, as compared
with baseline levels, during the study days for both acipimox
and placebo, but did not differ statistically between treat-
ments. Pulse pressure was also similar between treatments.
Table 1 and Figure 2 shows the HRV response to acipimox
and placebo. Acipimox had an inhibitory effect on SDNN
(CI 13.12;1.92, P = 0.01), RMSSD (CI 14.64;3.06, P = 0.03),
and HF (CI 1.10;0.24, P = 0.02), during the pre + basal
recordings, whereas the effects of acipimox were equalized
during the clamp. Acipimox did not impact on LF during
either the pre + basal or the clamp periods.

Correlations
LF and plasma glucose correlated inversely (R = –0.62,
P =0.01),whereas no correlationwas revealed betweenplasma
glucose andHF (R = –0.11, P =0.68), SDNN (R= –0.27, P = 0.30),
or RMSSD (R = –0.04, P = 0.88). HRV was not associated
with FFA: HF (R = 0.34, P = 0.20), LF (R = 0.03, P = 0.90),
SDNN (R = 0.18, P = 0.52), and RMSSD (R = 0.37,
P = 0.15) or with leptin: HF (R = 0.50, P = 0.05), LF
(R = 0.22, P = 0.41), SDNN (R = 0.29, P = 0.28), and RMSDD
(R = 0.43, P = 0.09).

Discussion
In this report, we demonstrated that short-term inhibition of
lipolysis by acipimox treatment, which lowered circulating
FFA levels and improved insulin sensitivity, was accompanied
by reduced parasympathetic tone. The effect of acipimox on
the parasympathetic modulation was reversed by
hyperinsulinaemia.

The autonomic nervous system plays a major role in
substrate release (sympathetic system) and vegetative and
restorative processes (parasympathetic system) [5]. These

systems are thought to work in concert and abundant
evidence suggests that imbalance in the autonomic nervous
system is associated with various pathological conditions
[18]. The balance in the autonomic nervous system was
measured noninvasively with HRV. Decreased HRV, a shift
towards sympathetic domains, is an independent predictor
of mortality in post–myocardial infarction patients [19],
and in both high- and low-risk patients with diabetes in
the Atherosclerosis Risk in Communities (ARIC) study,
decreased vagal activity, as measured by HRV, predicted
mortality [20].

Many target tissues are innervated by both the
sympathetic and parasympathetic nerve fibres (e.g. the heart
and the gastrointestinal tract), whereas only sympathetic
fibres innervate the adrenal glands resulting in a release of
adrenaline into the bloodstream which leads to lipolysis.
Furthermore, only sympathetic fibres innervate the adipose
tissue [21, 22].

In this study, we observed an inhibitory effect of acipimox
on parasympathetic modulation, measured with HRV in the
basal period in hypopituitary patients on stable replacement
with GH and hydrocortisone, and this suggests that acipimox
treatment induces a relative increase in the sympathetic tone
and subsequently adverse metabolic effects.

Acipimox is a well-known antilipolytic agent that
potently suppresses systemic FFAs and, thereby, increases
insulin sensitivity [12]. As expected, plasma glucose
decreased in the basal period during acipimox treatment
and was normalized to placebo levels in the clamp period by
hypertonic glucose infusion. Simultaneously, the HRV
parameters HF, RMSSD and SDNN were decreased in the
pre + basal period and normalized during the clamp, where
plasma glucose increased and was comparable to the levels
during placebo treatment. This finding suggests that the
metabolic aberrations during acipimox treatment (i.e.
inhibited lipolysis and slightly decreased plasma glucose
levels) induce an autonomic nervous system response that
strive to maintain metabolic homeostasis. This is similar to

Table 1
Heart rate, pulse and heart rate variability (HRV) responses to acipimox and placebo treatment

Acipimox Placebo

Pre + basal Clamp Pre + basal Clamp

Heart rate (beats min–1) 62.0 (6.0) 65.5 (8.0) 60.8 (7.0) 64.8 (8.0)

Pulse pressure (mmHg) 49.9 (10.0) 51.3 (11.0) 47.2 (9.0) 51.1 (6.0)

HF ln(ms2) 3.79 (1.2)* 3.60 (1.4) 4.45 (1.2) 3.62 (1.2)

LF ln(ms2) 4.95 (1.0) 5.07 (1.3) 5.27 (1.0) 4.86 (0.9)

RMSSD (ms) 23.2 (11.0)* 23.1 (13.0) 32.1 (13.0) 22.1 (9.0)

cSDNN (ms) 22.3 (10.0)* 23.1 (13.0) 30.5 (13.0) 22.0 (9.0)

The table displays the HRV measures standard deviation of normal-to-normal intervals (SDNN), root mean square of successive differences (RMSSD),
low frequency (LF) 0.04–0.15 Hz, and high frequency (HF) 0.15–0.4 components. Heart rate and pulse pressure were similar during acipimox and
placebo treatment. The HRV parameters HF, RMSSD, and cSDNN were significantly decreased by acipimox, whereas the HRV parameter LF was
similar during acipimox and placebo. The asterisk indicates a significant difference (P < 0.05) between acipimox and placebo effects during the
pre + basal measurements.
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the physiological response to overt hypoglycaemia in
patients with type 1 diabetes and healthy controls subject to
experimental hypoglycaemia [23].

Acipimox did not directly impact on the HRV parame-
ter LF, but LF correlated inversely with plasma glucose
concentrations, which supports the existence of a connec-
tion between glycaemia and autonomic modulation. The
LF component is influenced by sympathetic, parasympa-
thetic and baroreflex sensitivity [24], and is reduced during
hypoglycaemia [25].

Leptin stimulates lipolysis in rodents and the mechanism
seems to involve increased activity of the HSL enzyme [26].
Therefore, blockade of HSL-mediated lipolysis could lead to
a feedback stimulation of leptin secretion. Leptin is also
known to cross the blood–brain-barrier and stimulate

sympathetic nervous system activity [27]. However, we did
not record an effect of acipimox on systemic leptin concen-
trations, which seems to rule out leptin as a key player in
the metabolic response to acipimox.

The metabolic rebound effects that have been reported
after several days of acipimox treatment [28, 29], were not
observed in our short-term study. Acipimox treatment
induces complex metabolic effects; acipimox treatment:
induces a counter-regulatory increase in GH levels [13];
increases FFAs and skeletal muscle lipid content; and reduces
insulin sensitivity and glucose disposal [29]. Therefore, it
could be hypothesised that autonomic nervous system
aberrations are also associated with the long-term
dysmetabolic effects of acipimox, but this needs to be
investigated further. Figure 3 depicts our current knowledge

Figure 1
Heart rate and pulse pressure response to acipimox and placebo treatment. Acipimox did not impact on heart rate or pulse pressure

Figure 2
Heart rate variability. Acipimox did not impact on the low frequency component (LF) during either the pre + basal or the clamp period, but
acipimox had an inhibitory effect on high frequency (HF), root mean square of successive differences (RMSSD), and standard deviation of nor-
mal-to-normal intervals (SDNN) components during the pre + basal recordings, whereas the effects of acipimox were equalized during the clamp

Acipimox and cardiac parasympathetic modulation
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on the short- and long-term metabolic, hormonal and para-
sympathetic effects of acipimox treatment.

There were a number of strengths and limitations to our
study. The study was a double-blind placebo controlled
crossover study. Half of the patients were investigated during
placebo then acipimox treatment and the other half vice versa
separated by a minimum of 2 weeks to account for carry-over
effects. This is a powerful design because it eliminates interin-
dividual variation. Studying hypopituitary patients rendered
it possible to study the GH- and cortisol-independent effect of
acipimox on HRV, which is not feasible in healthy control
subjects [30]. Studying hypopituitary patients was, however,
also a weakness because our data may not extrapolate to
healthy subjects. It was also a limitation to our study that
we did not do a basal HRV recording immediately prior to
the intervention, which was initiated the evening before
the study day. This also precluded measurements of the
time–treatment response of acipimox on HRV. Theoretically,
the observed effects of acipimox on HRV could be a direct
drug effect or indirectly caused by the reported metabolic
changes. Our study does not unravel the underlying
mechanisms, but normalization of both plasma glucose and
HRV during the clamp suggests that the effects of acipimox
on HRV are indirectly mediated by metabolic changes. The
low number of patients in our study is also recognized as a
limitation to our study. Finally, the activity of the autonomic
nervous system was not measured directly, but by measuring
HRV, which is a proxy variable.

Perspectives
Future studies should be performed to investigate the role of
the autonomic nervous system in substrate metabolism in
more details, for example to determine if the autonomic
nervous system impacts on insulin sensitivity directly or
indirectly by modulation of lipolysis and secretion of
epinephrine.

Conclusion
The results of this study indicate that acipimox-induced
decrease in circulating FFAs and plasma glucose in hypopitu-
itary patients reduces parasympathetic modulation.
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